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INTRODUCTION
Numerous papers discuss bite forces, morphology, thickness and muscle activity and their impact on facial skeleton morphology [2, 5, 11, 14] . Only a few studies, however, have attempted to investigate in detail the relationship between bite force and facial morphology described by a cephalometric analysis [4, 8, 9, 12, 15] . It must be noted that the fact of researchers using different methods and standards of cephalometric interpretation creates additional difficulties in analysing and comparing results.
The aim of the study was to assess the correlation between craniofacial structure morphology, described with selected parameters of cephalometric analysis, and bite force.
MATERIALS AND METHODS
The studied subjects (54 patients of the Department and Chair of Maxillofacial Orthopaedics, Medical University of Lublin, Poland) aged 7-16 years referred to the clinic for diagnosis and possible orthodontic treatment. The mean age of the patients (27 boys and 27 girls) was 12.2 ± 1.8 years; half of the study population did not exceed 12 years of age.
The study included patients who met the following criteria: -had no history and received no orthodontic treatment at the time of the study; -had lateral cephalometric radiographs performed; -were in overall good health condition without developmental impairments and muscular system disorders.
Another criterion of inclusion of a patient in the study group was the value of mandibular jaw base line and maxillary jaw-base line (ML-NL) and mandibular jaw-baseline and the anterior cranial base line (ML-NSL) angles according to the standards of the Segner's and Hasund's analysis [10] . In the study group, ML-NL angle was 20.0 ± 7.0° and ML-NSL angle was 28.0 ± 5.0°. Bite forces were tested using a digital dynamometer (Imada, Japan, type ZPS-LM--2000N). The device was calibrated in Newtons -N (SI unit of force), its range being 1-2000 N. The measurement was performed at the level of the first permanent molars. The patient was instructed to bite the prepared recorder with maximum force. The dynamometer, set to 'peak' mode, recorded and displayed the highest registered value. The measurement was repeated 5 times at a 2-min interval, for both the right and the left side. The highest recorded value (maximum bite force) and the mean value of all measurements were included in the analysis. The results were expressed in Newtons (N).
The lateral cephalometric radiographs were taken with X-ray PROSCAN (PLANMECA), at voltage of 70 kV and the exposure time of 0.65 s, using a lamp set at 1.52 m from the patient's head. With the sagittal plane parallel to the X-ray film and the head in natural position, right lateral radiographs were obtained. The images were subject to cephalometric analysis with specialist computer software (Ortobajt), after the necessary cephalometric points had been marked on the screen. In addition, some measurement points were put manually on tracing paper with a 0.3 mm pencil. The points identified and marked on each evaluated cephalogram are shown in Figure 1 .
The following reference lines were determined on the basis of the marked points: -NSL -the anterior cranial fossa line between points S and N; -NL -the maxillary plane line between points Sp (ANS) and Ptm; -ML -the mandibular plane line between points Go and Gn.
To evaluate vertical relationships the following measurements were used: -ML-NSL angle -the inclination of the mandible to the anterior cranial fossa; -ML-NL angle -the inclination of the mandible to the maxillary plane; -NL-NSL angle -the inclination of the maxillary plane to the anterior cranial base; -N-Me distance -total anterior facial height; -Sp-Me distance -lower anterior facial height; -SGo:NMe ratio -the ratio of posterior to anterior face height expressed in percent; -SpMe:NMe ratio -the ratio of anterior lower to total anterior face height expressed in per cent; -ms-NL distance -the posterior height of the maxilla alveolar process. 
Statistical analysis
The obtained results were analysed statistically. The values of the analysed parameters measured in nominal scale were characterised in terms of cardinality and percentage, while those measured in ratio scale were characterised with arithmetic mean, standard deviation and range of variation. The relationship between the measured parameters was established using the Pearson correlation coefficient, while for statistically significant relationships straight regression lines were determined. The parameters of the regression equation were assessed with the method of least squares, which is a simple generalisation of the method used in the case of simple linear regression. The goodness of fit was evaluated using the multiple determination coefficient R 2 . A 5% error of inference and a related significance level p < 0.05, to indicate the significant relationships or differences, were assumed. The software used to prepare the databases and perform statistical analyses was Statistica 10.0.
The study was approved by The Medical University of Lublin Ethical Committee (Resolution No. KE-0254/9/2013). Table 1 presents the characteristics of the analysed parameters in the study group. The statistically significant relationships between the elements of cephalometric analysis and bite force are discussed in the paper. It should be noted, however, that the statistically non-significant parameters that did not affect bite force included: lower anterior face height (Sp-Me), lower anterior face height to total face height ratio (SpMe:NMe), posterior face height to anterior face height ratio (SG0:NMe), ML-NL, ML-NSL and NL-NSL angles.
RESULTS
A statistically significant, moderate negative correlation was found between bite force and the posterior height of the maxilla alveolar process (ms-NL), i.e. bite force decreases with an increase in ms-NL value ( Table 2) .
The estimation of regression coefficient, with ms-NL as a variable, indicates that an increase in the value of ms-NL by 1 mm may result in a decrease in the mean bite force on the left side by 17.2 N, while on the right side -by 19.65 N. However, an analysis of the impact of ms-NL on the maximum bite force on the left and right showed that an increase by 1 mm in ms-NL is likely to cause a decrease in the maximum bite force on the left by 20.1 N, and by 24.2 N on the right side.
A statistically significant correlation between bite force and total anterior facial height (N-Me) was found only on the left side, both for mean and maximum values. The analysed relationships on the right side were statistically non-significant (Table 3 ).
The detected relationship was a weak negative correlation, i.e. with a decrease in total anterior facial height (N-Me), bite force increased. The estimation of regression coefficient, with N-Me as a variable, indicates that with an increase in N-Me by 1 mm, a decrease in the mean value of bite force on the left by 3.7 N can be expected. An even more dynamic change can be observed for the maximum bite force on the left. An increase in N-Me by 1 mm reduces bite force on average by 4.1 N. In addition, using multiple linear regression analysis, i.e. the stepwise forward method, models were built to examine the influence exerted by the analysed variables on the mean and maximum bite force on the left and right sides in people with a normal relation of the bases of jaws and skull. The following models were defined for: -the mean bite force on the left side: mean bite force on the left = 842.41 -16.16 × ms-NL (R 2 = 36.7%; F = 14.79; p < 0.00001); -the mean bite force on the right side: mean bite force on the right = 628.66 -19.14 × ms-NL (R 2 = 34.94%; F = 13.69; p < 0.00002); -the maximum bite force on the left side: maximum bite force on the left = 973.85 -17.55 × ms-NL (R 2 = 41.39%; F = 11.77; p < 0.00001); -the maximum bite force of the right side: maximum bite force on the right = 795.69 -23.76 × ms-NL (R 2 = 45.15%; F = 20.99; p < 0.00000), where R 2 -coefficient of determination (fit), F -statistic value, p -test probability level. The documentation of the models is available from the authors.
DISCUSSION
In earlier studies, other authors found a statistically significant correlation between the posterior height of the alveolar process and the maximum bite force. Interestingly, it was a positive correlation, i.e. with an increasing ms-NL bite force also increased [1, 12] ; those results, however, were described by Braun et al. [1] as "unexpected". Also Ingervall and Minder [4] , as well as Kovero et al. [8] found a statistically significant, positive correlation between ms-NL and bite force, but only in female patients. In the male group, however, the correlation between the variables, although not statistically significant, was negative [8] . The means for ms-NL of the girls examined by Ingervall and Minder [4] were 19.4 ± ± 2.1 mm. These results are significantly lower than the values obtained in our research, despite the similar age of patients participating in the study.
In our study a weak negative correlation was found between the mean and maximum bite force and N-Me in the study group only on the left side. Other authors did not record any statistically significant relationship between N-Me and bite force value, either in adult women, whose mean N-ME value was 121.4 ± 6.6 mm [12] , or in patients aged 7-13 years, whose mean N-Me value was 110 ± 6.9 mm, i.e. lower than in our study [13] . Also the research by Uchida et al. [15] did not confirm any statistically significant difference between total anterior facial height and bite force in patients aged 17-41 years, whose mean N-Me value was 132 ± 7.4 mm. These results are consistent with the reports by Kiliaridis et al. [6] and Koc et al. [7] , who took the measurements on the photographs of patients' faces, and not on the cephalographic radiographs.
Different results were obtained by Van Sprosen et al. [17] , who found a statistically significant rela- tionship between N-Me value and the cross-section of masseter muscles which, according to many scholars, is closely related to bite force [3, 16] . They showed that with an increase in N-Me segment, the cross--section of masseter muscles, and thus bite force, decreases.
CONCLUSIONS
It summary, it must be concluded that out of the selected elements of craniofacial structure, the posterior height of the maxilla alveolar process (ms-NL) exerts the greatest influence on bite force in patients with a normal relation of the bases of jaws and skull, and that with an increase in ms-NL value bite force is reduced. However, the influence of an increase in total anterior face height on a decrease in the mean and maximum bite force on the left side, found in subjects with a normal relation of the bases of jaws and skull, requires further investigation.
